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Abstract— The increase of paper consumption from year to 
year gives high consequences to waste paper generated. Waste 
paper is one of potential raw material alternatives which can be 
converted into ethanol. The stages of making bioethanol from 
waste paper are pre-treatment, hydrolysis, fermentation, 
distillation, and concentration analysis by Chromatography Gas 
(CG). Pre-treatment aims to remove the ink and to break down 
lignin to be hydrolyzed easily. Pre-treatment is carried out by 
using H2SO4 and delignification process using NaOH. The phase 
of hydrolysis changes cellulose into glucose. Hydrolysis is done by 
using cellulose enzyme (Enzymatic Hydrolysis). Fermentation is 
carried out by using Saccharomycess cerreviceae bacteria. At this 
fermentation stage, glucose is degraded into ethanol. Distillation 
and dehydration stages are the stages of ethanol purification. 
This stage is done by separating ethanol from water and 
fermentation residues. Distillation is carried out at temperature 
of 78-80ºC. Then, dehydration is done by using calcium oxide. 
Chromatography gas is used to analyze the ethanol content 
appropriateness to be used as fuel. The samples are compared to 
standard solutions so that ethanol levels can be determined. 10 
kilograms of paper waste can produce 100 ml ethanol which has 
content of 81%. 
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I. INTRODUCTION 
This document is a template.  An electronic copy can be 
downloaded from the conference website.  For questions on 
paper guidelines, please contact the conference publications 
committee as indicated on the conference website.  
Information about final paper submission is available from the 
conference website. 
The level of paper consumption by people is increasing. 
The prediction of paper consumption in 2009 may reach 8.6 
million tons. Moreover, Indonesian paper production in 2010 
reached 11 million tons, up 2.4 million tons from the previous 
year and increased significantly until 2012 (www.bbpk.go.id). 
 
Fig. 1. Paper waste 
 
The high consumption of paper gives consequences on the 
big increase of paper waste generated. On the other hand, the 
use of paper waste has not further been developed yet. Many 
paper wastes are allowed to accumulate with minimal 
management effort (fig 1). In fact, the big amount of paper 
waste gives an opportunity to utilize the paper waste. The 
utilization of paper waste nowadays is to make it as recycled 
paper products, craft materials, and art products. Paper waste 
can also be treated as much more valuable and innovative 
items with little touch of technology. In addition, paper waste 
is one potential alternative of raw material which can be 
converted into ethanol. 
Cellulose is the main constituent component of paper. 
Therefore, the abundant amount of paper waste can be viewed 
as an abundance of cellulose that can be modified. One 
technology that may be developed in utilizing cellulosic waste 
(paper waste) is by doing chemical modification so that 
cellulose can be converted into ethanol. Ethanol itself is an 
alternative fuel which is expected to reduce the use of fossil-
based fuels which are becoming depleted. Ethanol has several 
advantages, including the nature of ethanol which is 
renewable and environmentally friendly. 
By above background and potential seen by authors, 
authors finally decide the title of this pilot research as "The 
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Utilization of Paper Waste as Raw Material for Making 
Bioethanol to Reduce the Use of Fossil-Based Fuel". 
This research was conducted to reveal two problems which 
are: 1) How to modify paper waste as raw material for 
bioethanol production? 2) How to create an alternative energy 
to reduce the use of fossil-based fuels by utilizing paper 
waste? 
Thus, the aim of this research is explained as follows: 1) 
Analyzing the potency of paper waste as raw material for 
bioethanol production. 2) Utilizing paper waste as one of 
alternative fuels to reduce the use of fossil-based fuels. 
II. METHODS 
A. Samples and Variables in Research 
The object of this research is focused on paper waste 
generated from office and photocopy services waste which is 
in the form of HVS paper. HVS paper has higher cellulose 
content than lignin and hemicellulose. Its cellulose level 
reached 90% of its weight. Due to the high cellulose content, 
the amount of glucose produced in hydrolysis process is also 
high. It means that the amount of ethanol produced will be 
more. 
B. Time and Place of Research 
Research was carried out for approximately five (5) months. 
Experimental laboratories are Chemistry central laboratory of 
Mathematics and Natural Sciences Education Major and 
Chemistry Education Department Laboratory, Sebelas Maret 
University, Surakarta. 
C. Equipment and Materials of Research 
a) Materials : paper waste, distilled water, ethanol, 
NaOH, technical H2SO4 10%, tape yeast, calcium 
oxide. 
b) Equipment : volumetric beakers, volumetric 
flask, pipette, bucket, stirrer, stirred glass containers, 
thermometers, chemical beakers, electric stove, a set of 
distillation equipment, a set of reflux equipment, 
Chromatography Gas (CG). 
D. Research Design and Procedures 
Research design and procedures are as follows: 
a) The classification stage of raw materials. In this 
process, paper waste is sorted and selected which is 
HVS paper from office and photocopy services waste. 
The sorted and selected paper is then mixed with water 
in a ratio of 1:20. Let these materials to stand for 24 
hours then filter them. 
b) Pre-treatment stage. Pre-treatment methods applied in 
this research are acid pre-treatment. It carries out at 
room temperature to remove ink on paper. Acid pre-
treatment is done by adding technical H2SO4 of 10%. 
c) Delignification stage. Delignification stage is done by 
adding 0.01 M of NaOH and then doing reflux to 
remove lignin on paper. Delignification carries out for 
6 hours. 
d) Hydrolysis stage. Hydrolysis is done with enzyme 
(enzymatic hydrolysis). The enzyme used is cellulose 
enzyme. The enzyme is then dissolved in citrate buffer 
at pH of 4.5. Then, the enzyme is mixed with paper 
resulted from delignification and hydrolysed for 7 
hours. Hydrolysis will be stopped after pulp is formed 
which likes gelatine. At this stage, the structure of 
cellulose has been broken down into glucose units. 
e) Fermentation stage. Fermentation process is done 
under anaerobic conditions at neutral temperature and 
room. Fermentation is done using tape yeast bacteria 
which is available on market that is Saccharomycess 
cerrevicae in solid form. Puree the tape yeast first. 
Mixing yeast needs homogenization process by stirring 
in constant speed rate. Yeast is then mixed with NPK 
and urea fertilizer as food and media of yeast 
fermentation. Yeast is later mixed with pulp and 
fermented for 4 days under anaerobic conditions. 
f) Distillation and dehydration stage. After fermentation 
is complete, pour fermented liquid into distillatory. 
Heat the distillatory and keep temperature between 78-
80º C. At this temperature, ethanol has evaporated. 
But, the water does not evaporate. Ethanol vapour is 
flowed into distillatory. Ethanol will be out of the 
distillatory outlet pipe. Then, dehydration or the 
removal of water will be done. To eliminate water, we 
can add calcium oxide. Leave it overnight. After that, it 
will be distilled again. 
g) The preparation process of chromatography gas (CG) 
equipment for the analysis of ethanol. First, turn on the 
power of equipment with standard procedures. Second, 
regulate work conditions of equipment as follows: 
injector temperature of 250° C, detector temperature of 
250º C, column temperature of 150-250º C with 
gradual temperature increase (every 1 minute will be 
increased 5º C), He gas carrier detector, 5A MS 
(molecular sieve) stationary phase which is polar 
(velocity 21 ml/min). 
h) Standardized ethanol solution is pipetted and then 
inserted into volumetric flask and diluted with distilled 
water to mark boundaries. The standard solution is 
shaken until a suitable concentration. The standard 
solution is taken in increments of 1μl   to   be   injected  
into chromatography gas (CG). The above process is 
repeated with a concentration of 80%, 85%, and 90% 
(v/v) using the same procedure. 
i) Ethanol content analysis stage using chromatography 
gas   (CG)   by   taking   1μl   of   each   solution   that   will   be 
injected into the CG. Ethanol peak area of the 
chromatogram is calculated into linear regression 
equation. 
E. Data Collection and Analysis 
Data were obtained from the results of chromatography gas 
(CG) which were calculated into linear regression equation to 
determine ethanol content with provisions of y is area wide or 
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cm2 peak and x is the concentration percentage of ethanol in 
the fermentation period. 
III. RESULTS AND DISCUSSION 
Authors have done bioethanol production from paper waste 
and tested its concentration. Papers used were HVS. HVS 
paper composition mainly consists of cellulose comparing to 
lignin and hemicellulose. The higher content of cellulose in 
the paper, the amount of glucose produced in the hydrolysis 
process will be even greater. Thus, it allows the amount of 
ethanol produced will also be greater. 
In the early stage, physical pre-treatment is done towards 
paper waste used. Physical pre-treatment is done by creating a 
smaller size paper by blending. Paper which is used is 
approximately 10 kg. Paper is then allowed to stand for 24 
hours. It aims to make the structure of paper cellulose more 
susceptible. 
Then, the removal of ink on paper is done using 5% of 
technical H2SO4 solution. Ink is eliminated because it interfere 
analysis process. It is because ink is a material that is soluble 
in alkaline solution so that the deinking process can be done 
more easily using H2SO4. Authors chose paper waste from 
photocopy services because the paper waste using electro 
photographic ink from the photocopy machine. Carbon ink 
resulted from photocopy machine printing is easy to 
experience erosion and the carbon is not strongly attached to 
the paper. This makes the ink resulted from photocopy 
machine printing is more easily degraded by agitation process 
in pre-treatment using acid. 
After that, delignification is done using 0.1 N of NaOH. 
Delignification is done to remove lignin which attaches to the 
structure of paper cellulose. Delignification is a process of 
lignin liberation from a complex compound. This process is 
important to be done before cellulosic materials hydrolysis. It 
is because lignin can inhibit the penetration of acids or 
enzymes before hydrolysis takes place. By delignification 
treatment on substrate, natural cellulose is expected to be 
easily hydrolyzed by cellulosic enzyme. Delignification is 
done using reflux equipment for 6 hours in order to obtain 
lignin-free paper. Pulp is then dried at a temperature of 105º 
C. From this process, it results dry paper which has weight of 
500 grams. 
Then, enzymatic hydrolysis process is done using cellulose 
enzyme for 5 hours. The hydrolysis process aims to break 
down the structure of cellulose to glucose. After that, paper 
resulted from hydrolysis which likes gelatine will be 
fermented for 4 days. Next, distillation is done to purify 
ethanol obtained. Ethanol obtained is then tested its content 
using Chromatography Gas (CG) and compared with the 
standard ethanol content.   
How to calculate the ethanol content contained in the 
sample uses raw curves obtained from a number of standard 
solutions which the composition is similar to the analyte by 
concentration which is known. Then, each standard solution is 
measured by Chromatography Gas (CG) to obtain 
chromatograms for each standard solution. Furthermore, area 
or peak height is plotted as a function of standard solution 
concentration. From data plot, it must be obtained straight line 
through the coordinates point because peak area on the curve 
will be directly proportional to the concentration of analyte. 
 
Fig. 2. 80% ethanol standard chromatograms 
 
 
Fig. 3. 85% ethanol standard chromatograms 
 
 
Fig. 4. 90% ethanol standard chromatograms 
 
When the standard ethanol content is higher, the peak of 
chromatogram will be higher. It means that the area will also 
be wider. 
 
TABLE  1. THE AREA WIDE RATIO OF A STANDARD ETHANOL 
Num Sample Name Area Wide 
1 80% ethanol 555,023.40 
2 85% ethanol 627,104.90 
3 90% ethanol 693,701.40 
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Fig. 5. Ethanol concentration VS Area wide 
 
 
Fig. 6. Samples ethanol chromatograms 
 
Based on the chart above, the concentration of the sample 
can be calculated with the following steps: 
 1. Writing the equation of line 
 y = 14416.3 x - 598,280.6 
 y = ratio of area 
 x = ethanol concentration (%) 
 2. Calculating the concentration of sample (ethanol 
 concentration) 
     y sample = 1,4416.3 x sample - 598,280.6 
 569,636.47 = 1,4416.3 x sample - 598,280.6 
 1,167,917.1 = 1,4416.3 x sample 
     x sample = 81.013651% 
     x sample = 81% 
IV. CONCLUSION 
In the bioethanol production process, there are several 
stages of manufacture of bioethanol which is ready for use 
having concentration which is appropriately expected. 
1. Pre-treatment stage. Pre-treatment methods applied in 
this research are acid pre-treatment. It carries out at 
room temperature to remove ink on paper. Acid pre-
treatment is done by adding 10% technical H2SO4. 
2. Hydrolysis stage. Delignification stage is done by 
adding 0.01 M NaOH which is then refluxed to remove 
lignin on paper. Delignification carries out for 6 hours. 
3. Fermentation stage. The fermentation process is done 
under anaerobic conditions at neutral temperature and 
room. 
4. Ethanol content analysis stage using Chromatography 
Gas   (CG).   Each   solution   is   taken   in   amount   of   1μl  
which is then injected into the CG. Ethanol peak area 
from the chromatogram is calculated into linear 
regression equation. By this process, bioethanol 
content is obtained in amount of 81% to be ready to be 
processed into other fuels. So, the invention of paper as 
fuel will reduce the use of fossil fuels. Fossil fuels will 
be substituted by the use of fuel from bioethanol 
obtained from paper waste. 
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